by long term employment in the past have been replaced by freelancing, casual labour, zero-hour and short term contracts often referred to as the 'gig' economy [3] .
The gig economy results in fluctuations or stochasticity in resource availability for individuals. Experiencing stochasticity is not novel for humans or other animals, and has been studied from an evolutionary perspective using mathematical models, experimental and observational studies. Optimality modelling has indicated that it is typically evolutionarily optimal to allocate more energy to storage (including fat) as an environment becomes more stochastic [4] . Consistent with this, observed plasticity in energy storage as a function of changing resource availability has been demonstrated in a number of species [5] [6] [7] .
A metabolic shift towards fat storage in increasingly stochastic environments may provide an adaptive buffer against future food shortage, but comes at a cost to long term health when it results in obesity [8] . Other effects of stochasticity are also less likely to be beneficial in the long term: financial and food instability lead to increased psychological stress including elevated cortisol levels [9] . Elevated cortisol as a response to a crisis or threat situation is likely to have evolved as part of an adaptive suite of neuroendocrine responses which motivate an individual to take appropriate actions to cope with the threat [10, 11] . In the longer term, chronic or repeated exposure to cortisol is associated with hypertension and developing Type 2 diabetes, among other damaging effects [12] [13] [14] .
In humans, two lines of evidence that stochastic environments result in increased stress and body weight are from studies of poverty and obesity, and of perceived employment instability and health-related variables. Financial insecurity or poverty severe enough to affect the ability to reliably purchase food in industrialized economies is frequently observed to be associated both with obesity and behaviours which lead to obesity [15] [16] [17] [18] . Studies of impacts of job insecurity on health have shown evidence of associations between perceived job insecurity and various health outcomes, including mental health, stress and cardiovascular risk factors [19] [20] [21] [22] . To date most studies of job insecurity and health outcomes have relied on threatened and selfreported perceived job insecurity rather than actual job losses experienced ( [19] [20] [21] [22] and references therein). The problem with this approach is that there may be many individuals who have an unwarranted belief their job security is low, as well as individuals not prone to worrying about job security when their job is actually at risk. Hence, perceived job insecurity is also measuring an element of neuroticism which itself may be associated with health outcomes, and is not a measure of an individual's experience of stochasticity [23] .
The present study addresses the question of how job instability may have impacted health in early middle age in the 1970 longitudinal British Birth Cohort, for which detailed data are available on employment histories and on personal finances, as well as several health-related variables relevant to the hypothesis that job insecurity will lead to adverse health outcomes. Body weight data were collected in several data sweeps, and the most recent interview (2012) contained questions on whether the cohort members had developed high blood pressure and diabetes in middle-adulthood.
METHODOLOGY
The sample was drawn from the British longitudinal cohort study of all children born in a one-week period in April 1970 (17 287 babies). The last follow-up for these individuals occurred in 2012, when the cohort study participants were 42 years old. For inclusion in the study sample for the present research, participants must have completed the employment survey and have provided health status information in the interview. Around half of the original sample have been lost to follow-up or did not complete these surveys. Generally, most loss to follow-up in this cohort has been due to failure to trace individuals who have moved address [24] . Further information on the sample, survey design, and the format of interviews and questions are available from the Centre for Longitudinal Studies [25] , and a cohort profile has also been published [24] .
Variables
Three dependent variables were selected to test the hypothesis: a reported diagnosis of high blood pressure, diabetes, and of a change in body weight between ages 30 and 42. The main independent variable of interest was number of job losses experienced by the cohort member between 2000 and 2012. Categories of reasons for job loss included in the job losses variable are shown in Table 1 . Categories of job loss were selected which best represent stochasticity: short-term contracts ending, work hours being cut, businesses failing and roles being eliminated resulting in redundancy. Because some employment consists of working for a business as an independent contractor rather than directly as an employee, leaving employment due to lack of work was included. The job loss variable excludes being dismissed or fired from jobs, as health problems could lead to dismissal, thus potentially confusing cause and effect in the study.
Health-related effects of job loss are likely to be less evident if an individual has savings to fall back on after losing a job, and has little debt on which payments must be made. For this reason, reported savings and debts were included as covariates in the regression models. The 2012 sweep included questions about finances, but the 2000 sweep did not, hence savings and debt at the end of the study period were included as variables. Mortgages were not included in the debt variable, but all other debt was included, such as car hire purchase and credit card debt. Home value was not included in the savings variable. Savings and debt are highly correlated with the income-profession-based measures of socioeconomic status used the 1970 birth cohort, thus socioeconomic status derived from employment was not included as a covariate. Instead, whether or not the cohort member has a university degree was included as a binary control for socio-economic status.
Four measures of lifestyle from the 2012 sweep were included as control variables: reported number of cigarettes smoked per day; reported frequency of alcohol consumption per week, using a scale from 1 to 5 where 5 is high (four times per week or more); number of times per week the participant reported doing 30 min or more of exercise; and number of times per week the participant reported eating fruit and vegetables (cooked and uncooked).
Although no prediction was made regarding different effects of job loss on men and women, sex was included as a covariate.
Statistical analysis
Multiple logistic regression was used for all three inferential statistical tests, using SPSS Statistics Version 24. Figs 1 and 2 were produced using the Forestplot package in RStudio 1.0153. Weight gain was transformed into a binary variable for analysis (see below). Two additional sets of analyses were carried out following the main logistic regression models: sensitivity analyses were carried out to determine whether there is a threshold at which number of job losses has an association with the outcome: for example, it is possible that a single job loss has little or no effect on health outcomes, but that only multiple job losses affect health outcomes. Second, the job loss categories were further broken down for analysis of whether fixed-term contracts ending have different effects on the health measures compared with being made redundant before the end of an employment contract.
RESULTS

Descriptive statistics
Of 9841 cohort members who participated in 2000 and 2012, 5904 participants had provided sufficiently complete information , right skewed, and with a few extreme outliers at both tails of the distribution. Commonly used arithmetic transformations did not yield a normally distributed variable. Recent evidence using the Nurses' Health cohort study clearly showed that changes in body weight greater than 5 kg in middle-age were associated with negative health outcomes in both men and women: below this cut-off there was not a significant increase in cardiovascular risk [26] . Hence, a binary dependent variable was created based on this cut-off, and the original weight change variable was not used for regression analysis. Cohort members' reported reasons for job loss are summarized in Table 1 , and descriptive statistics for all of the study variables are reported in Table 2 . Table 3 shows Pearson or tetrachoric correlation coefficients between the independent variables. Experiencing job losses was statistically significantly associated with other predictors: women experienced fewer job losses than men, and those with a university degree and more savings had fewer job losses. While many of the predictors were significantly associated with each other, no correlation appears to be substantial enough to result in multicollinearity in the regression models.
Regression results
Tables 4-6 contain summaries of the logistic regression models predicting weight gain of at least 5 kg, diagnosis of high blood pressure since 2000, and diagnosis of diabetes since 2000. The number of job losses experienced by cohort members was significantly associated with odds of a high blood pressure or a diabetes diagnosis. The odds of developing high blood pressure or diabetes increased by 1.28 times and 1.39 times respectively for each reported job loss (see Tables 5 and 6 ). Other variables in the regression models were significant predictors of all three outcomes: for every 10 000 pounds of reported debt the odds of gaining 5 kg or more, having high blood pressure and developing diabetes increased by 1.09, 1.05 and 1.07 times respectively. In other words, every additional 100 000 pounds of debt approximately doubled the odds of gaining 5 kg or more. Women had a lower odds of all three outcomes, and those who reported doing at least 30 min exercise a day had significantly reduced odds of weight gain and high blood pressure. Having a university degree, and reported fruit and vegetable consumption were associated with lower odds of weight gain and of high blood pressure. The two other lifestyles variables, alcohol consumption and smoking were less successful as predictors: smoking was not a significant predictor in any model, and number of days per week the cohort member reported drinking alcohol was negatively associated with weight gain and diabetes. While this suggests protective effects of alcohol consumption, it should be noted that the number of alcoholic drinks consumed per day was not included in the models. Additional analyses
The sensitivity analyses suggested that experiencing at least two job losses was associated with the highest odds of a high blood pressure or a diabetes diagnosis between ages 30 and 42 (see Fig. 1 ). Too few cohort members experienced at least three job losses, and these sensitivity analyses resulted in wide 95% confidence intervals for this category.
Results of additional analysis of whether the categories of job loss included in the job loss variable have different effects are summarized in Fig. 2 . Of particular interest is whether losing a job because a short-term contract ended can be viewed as 'expected' stochasticity with lesser health consequences. The results did not support this: the odds ratios were similar to those from analyses of health effects of redundancy. A second category of job loss which may have smaller health consequences is leaving employment after having work hours reduced, or being an independent contractor who is no longer being offered or finding enough work to make a living. Unfortunately the sample size of this type of job loss was small (n = 137), but like the short-term contract results, they do not strongly suggest different health outcomes for this category compared with the other two.
CONCLUSIONS AND IMPLICATIONS
This analysis of participants in the 1970 British Birth Cohort Study demonstrated that employment instability measured as the number of job losses experienced, was associated with increased odds of two risk factors for morbidity and mortality in early middle age: high blood pressure and diabetes. The evidence for a relationship between job losses experienced and weight gain was less robust, Table 1 ; the second category is the fourth and fifth in Table 1 and the third consists of the remaining categories shown in Table 1 . The binary job loss variables were entered into logistic regression models including all covariates shown in Tables 4-6 although having experienced at least one job loss (as a binary predictor) was associated with gaining at least 5 kg (see Fig. 1 ). Savings and debt were included as covariates largely because savings and debt may be expected to modify the stress and health risks associated with forced redundancy. Debt in particular was a predictor of weight gain, and increased odds of a high blood pressure or diabetes diagnosis between ages 30 and 42.
Other studies have found similar effects of employment stability on health and known health-risk factors [19] [20] [21] [22] , but almost none has used longitudinal data on employment histories instead of perceived employment insecurity or the threat of job loss. While belief that one's job is insecure may have similar relationships with stress and health outcomes, the present study directly suggests that short-term tenure in employment has negative health impacts. The results are consistent with predictions and findings in evolutionary biology of metabolic changes promoting energy storage when resources become unstable in an environment [4] .
While the 1970 British Birth Cohort Study has strengths in longterm measurement of economic activity, a weakness with the health data is that blood pressure and diabetes data are binary, self-reported, and have no date or timing of diagnosis other than occurring in the period since last interview. Data using medical records and measured blood pressure and glycated haemoglobin or other diabetes markers would be preferable. A second potential weakness is that loss to follow-up over the decades has largely occurred because participants have moved address and contact has been lost [24] . This means that it is possible that those with the least employment stability have been more likely to be lost to follow-up, and that the estimates of associations between job losses and health reported here underestimate the true effects. Third, changes in weight, blood pressure and blood sugar regulation are likely to have multiple causes, and it is not possible to rule out the observed effects being driven by a third, unobserved, variable or by residual confounding from influential health-related factors such as social class.
For clinicians, this study is another small piece contributing to a large body of evidence that patient histories contain important information about what to look for when making diagnostic and patient care decisions. It is also another small piece of evidence contributing to a large body of evidence that economic policy is health policy.
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